In this article we wish to underline a certain stability property of a sequence of solutions to parametric equilibrium problems. The results are consequences of the ones obtained in Kolumbán, 2009 and Kolumbán, 2012 . This stability is claimed for parametric vector optimization too.
Introduction
Equilibrium problems are further known and used in economics. Its phenomenons are better understood by mathematical models. But is this really the case ? Surely, it is not the situation for abstract economies. This borderline between economy and mathematics is treated for instance in Aubin, 1982 ; Tarafdar and Chowdhury, 2008. One of the most studied topics in nonlinear analysis is the equilibrium problem. Several problems such as Nash economic equilibrium problems, variational inequality problems can be studied as particular cases.
Starting with the celebrated work by Ky Fan in 1972, equilibrium problems are governed by real bifunctions. Specific required properties like continuity in the first variable and convexity in the second one, insure the existence of solutions. A sequence of functions may provide a sequence of solutions, therefore we are interested to study a certain stability of this sequence.
Our purpose is to present some applications in economics. From the parametric equilibrium problems we shall consider three particular cases: parametric scalar optimizations, parametric Walras equilibrium problems and parametric variational inequalities. In our framework, via parametric vector equilibrium problems, we shall consider parametric Pareto optimization problems as well.
Although the abstract equilibrium problems can be formulated in an abstract space, all the applications are presented in a Banach space.
Let X be a Banach space. By → and we denote the strong and the weak convergence on X , respectively. For a given n ∈ N, let D n be a nonempty subset of R N and let f n : D n × D n → R be a given function. The abstract equilibrium problem is the following:
(EP) n Find an element a n ∈ D n such that
Along with (EP) n we consider the limit problem:
where D ⊆ X is nonempty and f : D × D → R is a given function.
In some previous works Lignola and Morgan, 1997; Bogdan and Kolumbán, 2009 ; Bogdan and Kolumbán, 2012 sufficient conditions for a certain stability of solutions of (EP) n are provided. Precisely, this stability is formulated as follows: if one has a sequence of solutions (a n ) n∈N such that a n is a solution of (EP) n and (a n ) n converges tō a, thenā is a solution of (EP). This behavior of solutions is claimed for parametric vector equilibrium problems in Salamon and Bogdan, 2010; Salamon, 2010 too.
The paper is organized as follows. In Section 2 we formulate stability results to three particular cases of parametric equilibrium problems. In Subsection 2.1 we consider the case of parametric optimization problems. In Subsection 2.2 we remind the convergence of the equilibrium prices for a sequence of Walrasians. Subsection 2.3 deals with parametric variational inequalities. Section 3 contains the case of parametric vector optimization.
Applications for the scalar case

Parametric optimization problems
Let g n , g be the demand-offer functions and let f n and f be given by
. Then, (EP) n and (EP) become:
(M) n Find an element a n ∈ D n such that
We state the following result (see Corollary 3.2 in Bogdan and Kolumbán, 2012) .
Let (a n ) n∈N be a sequence such that a n is a solution of (M) n and let a n a. Suppose that g is weakly lower semi-continuous at a and the functions g, g n , n ∈ N verify condition:
Then, limit a is solution for (M).
Proof. See Appendix A.
Parametric Walras equilibrium problems
For the description of the fundamental economic model see for example Aubin, 1982 . The general framework is taken over from Jofre and Wets, 2002. Let us denote
the price simplex. Let s : R N + → R N be the so-called excess supply function that is assumed to be nonnegative and continuous on the price simplex P (see Jofre and Wets, 2002, Proposition 4) . A price vectorā ∈ P so that s(ā) ≥ 0 N is called an equilibrium price.
The Walrasian W : P × P → R associated with the supply function s is defined by
Of course, the equilibrium prices are exactly the equilibrium points of W. → s, i.e. for any (a n ) n∈N , a n ∈ P with a n → a one has s n (a n ) → s(a). Then, for each W n (n ∈ N) and W there exists at least one equilibrium point in P, denoted byā n andā, respectively. The set of cluster points of the sequence (ā n ) n∈N is never empty, and every cluster point is an equilibrium point for W.
Proof. See Appendix B.
Parametric variational inequalities
Let X * be the dual space of X and let T n : D n → X * be a given operator. The parametric variational inequality is the following:
(V I) n Find an element a n ∈ D n such that
Along with (V I) n we consider the limit problem:
where T : D → X * is a given operator.
We have the following result:
Proposition 3. Let D be closed convex and D n = D, n ∈ N. Let (a n ) n∈N be a sequence such that a n is a solution of (V I) n and let a n a. Let T : D → X * be bounded and weakly upper hemicontinuous.
Suppose that T, T n , n ∈ N satisfy: lim inf n T (a n ) − T n (a n ), b − a n ≥ 0, ∀b ∈ D.
Then, limit a is solution for (V I).
Proof. See Appendix C.
Let X be a Hilbert space. For the case of fixed points one can consider T := I − F and T n := I − F n , n ∈ N, where I is the identity operator. The conclusion above remains true if F is bounded, weakly lower hemicontinuous, and F, F n n ∈ N satisfy: lim inf n F n (a n ) − F(a n ), b − a n ≥ 0, ∀b ∈ D.
Parametric vector optimization
In Salamon and Bogdan, 2010 we considered parametric Pareto optimization via parametric weak vector equilibrium problems.
Let Z be a real topological vector space with an ordering cone C such that C is closed convex in Z with IntC / 0 and C Z .
Following Ansari, Yang, and Yao, 2001 , for a subset A of Z the suprema of A with respect to C is defined by
and the the infima of A with respect to C is defined by
For more details see Chiang, 2004 . Let (z n ) n∈N be a sequence in Z . Let A n = {z m : m ≥ n} for every n ∈ N. The inferior limit of (z n ) is given by
For all n ∈ N let us consider the following problem:
(PO) n Find an element a n ∈ D n such that
where D n ⊆ R N is nonempty and ϕ n : D n → Z is a given function.
Along with (PO) n we consider the limit problem:
where D ⊆ R N is nonempty and ϕ : D → Z is a given function.
To apply our formalism we shall impose the following condition:
We recall that a function ϕ : X → Z is said to be weakly C-lower semi-continuous if for every z ∈ Z the set ϕ −1 (z + IntC) is open in X . Also, conform Theorem 2.4 in Chadli, Chiang, and Huang, 2002 , ϕ is weakly C−lower semi-continuous at a, then for every v ∈ IntC, and for any sequence (a n ) n∈N in X weakly converging to a, there exists
Without proof we claim the following:
Assertion. Let D n = D = X, for all n ∈ N. Let (a n ) n∈N be a sequence such that a n is a solution of (PO) n and let a n a. Suppose that ϕ is weakly C-lower semi-continuous at a and the functions ϕ, ϕ n , n ∈ N verify condition (VC). Then, limit a is solution for (PO).
Remark that taking Z = R and C = [0, +∞), condition (VC) becomes condition (C). The above Assertion (its proof shall be given elsewhere) is Corollary 3.2 in Bogdan and Kolumbán, 2012 . Note that no compactness assumption on D is required.
Our previous results are more general and involve some relaxed continuity assumptions like the notion of topological pseudomonotonicity (see Aubin, 1982) and Mosco convergence of the parametric domains (see Mosco, 1969) .
